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More light on QT interval measurement
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The electrocardiographic QT interval can contain
information on the risk of dying suddenly.
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Aprolonged QT interval signifies a delay in the
ventricular repolarisation phase, which
renders the heart vulnerable to malignant

arrhythmias such as torsade de pointes ventricu-
lar tachycardia. This sign of disease is sometimes
subtle and may avoid recognition unless meticu-
lously sought. In this issue of Heart, Malik and
colleagues1 draw attention to methodological dif-
ficulties in the measurement of the QT interval.

The action potential duration of the myocar-
dium, reflected as the QT interval on the surface
ECG, depends on heart rate which hampers esti-
mation of the intrinsic myocardial repolarisation
time. The relation of the QT interval and heart
rate, or cardiac cycle length, is modified by a
number of physiologic processes. The mechanism
causing the change in heart rate may variably
influence ventricular repolarisation. For example,
an equal increase in heart rate shortens the QT
interval less during sympathetic stimulation by
cold pressor test2 and during cardiac pacing3 com-
pared to physical exercise. Furthermore, the
response of the QT interval to a change in rate is
not instantaneous, full adaptation taking 1–3
minutes.

CONTINUING DEBATE ON RATE
CORRECTION OF QT INTERVAL
Several mathematical formulae have been utilised
for rate correction of the QT interval. An inherent
limitation is that they take only heart rate into
consideration and miss all other determinants of
the QT interval. Attempts to overcome this prob-
lem have included standardising the conditions
under which the ECGs are undertaken. Different
reference values have been proposed for diurnal
periods and for the exercise test or its recovery
period.4 5 Analysis has also been limited to ECGs
sampled only from periods of stable heart rate.6

Even these attempts to eliminate confounders
may be futile as Malik and colleagues1 now report
that the relation between QT interval and heart
rate is highly individual. When they optimised the
parabolic rate correction QTc = QT/RRα for each
individual, the exponent α varied from 0.233 to
0.485 among 50 healthy persons. For comparison,
the value for α is 0.33 in Fridericia’s and 0.50 in
Bazett’s equation.

Malik and colleagues conclude that correction
of QT interval by any rate adjustment method
may be fallacious. On the other hand, by examin-
ing the QT heart rate relation within a subject one
could better estimate the intrinsic QT interval in
that particular individual. However, there is no

evidence that such individual rate correction
would improve discrimination of diseases such as
hereditary long QT syndrome (LQTS). In addi-
tion, creating a formula for each individual would
be cumbersome outside any research programme.
The authors contribute to the widely accepted
criticism of Bazett’s equation, and recommend to
discard it regardless of the circumstances. Other
linear and non-linear formulae have been previ-
ously proposed,7 8 none of which has gained gen-
eral acceptance. What should the clinician then
adhere to?

A limitation in the work of Malik and
colleagues, which they also admit to, is that the
individual QT–heart rate relation was examined
in ambulatory conditions over a wide range of
heart rates, and may not be representative for the
rest electrograms. Actually most studies seeking
optimal correction formulae have analysed rest
ECGs in subject cohorts. From a practical point of
view, a small deviation from true QT value would
not invalidate non-ideal correction, since time to
time variation in QT interval and measurement
error are likely to be a greater source of
inaccuracy.

WHAT IS THE AIM OF QT INTERVAL
MEASUREMENT?
Heart rate correction of QT interval is applied for
different purposes: to detect an abnormality in a
subject and to evaluate the effect of interventions
such as administration of a drug that prolongs QT
interval. A clinician needs to judge whether an
individual has hereditary LQTS or acquired long
QT interval that causes potential clinical conse-
quences. The latter condition occurs, for example,
in cardiomyopathy, in bradycardia of complete
heart block, and during electrolyte derangements,
and is also induced by various cardiac and
non-cardiac pharmaceuticals. Recent knowledge
on ventricular repolarisation could help in under-
standing how to best identify these conditions.

Familial LQTS is caused by mutations in genes
coding delayed rectifier potassium channels or
sodium channels on myocyte sarcolemma.9 In the
most common subtype, LQT1, the slow potassium
current IKs is defective, leading to inadequate
shortening of QT interval during exercise. In
another common subtype, LQT2, the defect is in
the rapid potassium channel IKr, and in subtype
LQT3 the sodium channel does not close ad-
equately. In subtypes LQT2 and LQT3 the defects
delay repolarisation more at long cycle
lengths.10 11 Accordingly, the QT interval lengthen-
ing is most obvious at slow heart rates in these
genetic subtypes.5 12 This is reflected in triggering
of arrhythmias which occur at high heart rates of
effort in LQT1 and at low heart rates during star-
tling stimuli or rest in the two other subtypes.13
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Most antiarrhythmic drugs that prolong QT interval block
IKr potassium channels,14 as do the majority of non-cardiac
drugs like terfenadine, thioridazine, and erythromycin. The
IKr blockers sotalol and dofetilide show reverse use
dependence—that is, they lengthen repolarisation more at a
slow rate. Furthermore, in cardiomyopathy15 and severe
bradycardia16 IKr channels are downregulated, and also
hypokalaemia inhibits IKr function. Consequently, in many
acquired states the QT interval prolongation would accentuate
at resting heart rates. Also in LQT1 subtype the QT interval
prolongation is enhanced when heart rate decelerates after
exercise.5 Thus in most clinical conditions the QT interval pro-
longation is best recognisable at slow heart rate and bradycar-
dia. In contrast, ECGs sampled at elevated rates would contain
less information and raise problems of inaccurate heart rate
correction.

The QT–heart rate relation is different between genetic sub-
types of LQTS. Malik and colleagues demonstrate that the
QT–heart rate relation varies widely also between healthy
subjects, to a greater extent than previously presumed, and
speculate that subtle differences in integrated function of sar-
colemmal ion channels might be common. A question arises
as to whether the QT–heart rate relation would characterise
arrhythmia risk in heart diseases or predict risk of proarrhyth-
mic drug responses. The new observations contribute most to
QT interval analysis in scientific research on physiologic and
pathologic phenomena, including the action of pharmaceuti-
cals. Guidelines of the European Society of Cardiology14 give
instructions on how to evaluate proarrhythmic potential in
the development of pharmaceuticals, and also provide insight
for clinicians to estimate patient safety while using QT
prolonging drugs.

MINIMISE THE NEED FOR RATE CORRECTION
Some suggestions and precautions for QT interval measure-
ment are listed in the box below. A discrete U wave after the T
wave has returned to baseline should be excluded from
measurement. When T and U waves are fused the U
component should be included, although the numerical value
of “QTU interval” is not crucial since repolarisation would in
any case be abnormally delayed. By which algorithm to rate-
correct remains open. Malik and colleagues found the
individually optimised exponent α to be 0.37 on average, not
far from 0.33 for α in the Fridericia’s cubic root correction
equation. Applied to rest ECGs of a cohort, Fridericia’s formula
yields less residua compared to Bazett’s square root formula,7

and therefore might be preferable for clinical practice.
Comparing QT interval to a nomogram of QT intervals in a
normal population might eliminate need for any rate
adjustment.17 With this method, normality could be judged by
percentile deviation from normal cohort, for which suffi-
ciently large databases have not yet been created. Since most
clinically important information on QT interval duration is
found at slow heart rates, electrograms should be undertaken
when the subject is at complete rest.

The QT intervals vary widely between LQTS patients
carrying even the same mutation, notably overlapping with
the QT intervals of non-carriers,18 implying that measurement
of QT interval alone from rest ECG cannot ever provide a diag-
nosis in all cases of inherited LQTS. Fortunately, the risk of life
threatening arrhythmias is low in LQTS gene carriers who
have normal QT interval, but does exist, at least in the
presence of strong triggers. Measurement of QT interval in
close relatives and analysis of dynamic features of QT interval
during exercise test or ambulatory electrocardiography might
facilitate clinical diagnosis in subjects with borderline QT
interval lengthening.
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Recommendations for QT interval measurement in
the clinic

• Record the ECG in normal physiologic state (avoiding post-
prandial period)

• Allow a few minutes rest to adapt QT interval to heart rate
• Measure QT interval from more than one lead, preferably

leads II and V3–V5
• Eliminate separate U wave but accept T-U fusion in

measurement
• Measure at least 3–5 cardiac cycles
• Avoid cardiac cycles with large sinus interval variation or

preceded by arrhythmias
• Use a formula to correct QT interval (that is, adjust to rate

60 beats/minute)
• May use exercise test to observe accentuated QT lengthen-

ing at recovery

194 Editorial

www.heartjnl.com


